Objective: To examine the association between estimated cardiorespiratory fitness (eCRF) and incident stroke by black and white race. Participants and Methods: A total of 24,162 participants from the REasons for Geographic And Racial Differences in Stroke study (13,232 [54.8%] women; 9543 [39.5%] blacks; mean age, 64.6AE9.3 years) without stroke at enrollment between January 15, 2003, and October 30, 2007, were followed for incident stroke through March 31, 2016. Baseline eCRF in maximal metabolic equivalents was determined using nonexercise sex-specific algorithms and further grouped into age-and sex-specific tertiles. Results: Over a mean of 8.3AE3.2 years of follow-up, 945 (3.9%) incident strokes occurred (377 in blacks and 568 in whites). The association between eCRF and stroke risk differed significantly by race (P Interaction <.001). In whites, after adjustment for stroke risk factors and physical functioning score, the hazard ratio of stroke was 0.82 (95% CI, 0.67-1.00) times lower in the middle tertile of eCRF than in the lowest tertile and was 0.54 (95% CI, 0.43-0.69) times lower in the highest tertile of eCRF. The protective effect of higher levels of eCRF on stroke incidence was more pronounced in those 60 years or older among whites. No association between eCRF and stroke risk was observed in blacks. Conclusion: Estimated cardiorespiratory fitness measured using nonexercise equations is a useful predictor of stroke in whites. The lack of an overall association between eCRF and stroke risk in blacks suggests that the assessment of eCRF in blacks may not be helpful in primary stroke prevention.
S
troke is the fifth leading cause of death in the United States and the second leading cause of death worldwide, accounting for 133,103 deaths in the United States in 2014 and nearly 6.5 million deaths worldwide in 2013. 1 Identifying modifiable factors has important public health significance for primary stroke prevention.
Cardiorespiratory fitness (CRF), a modifiable factor associated with cardiovascular disease (CVD), can be defined as the ability of the circulatory, respiratory, and muscular systems to supply oxygen during sustained physical activity (PA). A limited number of studies have reported an inverse relationship between CRF and stroke morbidity and mortality. [2] [3] [4] [5] [6] [7] A large meta-analysis has confirmed the risk reduction role that CRF has in stroke. 8 However, a recent Finnish cohort study of men reported no association between CRF and incident nonfatal stroke. 9 Furthermore, no studies have included substantial numbers of blacks, despite it being long established that blacks have higher stroke incidence and mortality than do whites in the United States. 10 Reasons underlying racial differences in stroke incidence and mortality include, but are not limited to, the presence of traditional risk factors (eg, age, sex, systolic blood pressure, current smoking status, and diabetes mellitus [DM] ) as well as novel risk factors (eg, inflammation and psychosocial factors). 11 Studies have found that there are considerable race/ethnic differences in CRF, with lower CRF in blacks than in whites. [12] [13] [14] [15] [16] [17] A better understanding of the racial/ ethnic contribution to the association between CRF and stroke could help develop better stroke prevention strategies to reduce the unequal distribution of the public health burden of stroke.
Cardiorespiratory fitness is typically expressed as maximal oxygen uptake in metabolic equivalents (METs) and can be estimated directly or indirectly. 18 It is not routinely measured in clinical practice, 19 nor included in common risk algorithms, [20] [21] [22] probably because of issues of feasibility and cost in most clinical settings. Therefore, nonexercise equations have been developed to estimate CRF (estimated cardiorespiratory fitness [eCRF]) using variables commonly assessed in public health and clinical settings and to provide a rapid and inexpensive way of deriving CRF. [23] [24] [25] [26] [27] [28] [29] [30] These nonexercise eCRF assessments are similar in accuracy to CRF predicted from submaximal exercise tests in relatively healthy adults. 23, 25, 30, 31 Recent studies have documented significant associations between nonexercise eCRF and long-term health risks, including CVD and allcause mortality in both middle-aged and older populations. [32] [33] [34] [35] [36] The risk reduction associated with each 1-MET increase in nonexercise eCRF ranges from 7.4% to 21% and from 8% to 16 .9% for all-cause and CVD mortality, respectively. However, no study has been conducted on the relationship between eCRF and stroke incidence. Therefore, the objective of the present study was to investigate the association between eCRF and incident stroke in a national biracial cohort study of men and women.
PARTICIPANTS AND METHODS

Study Population
We analyzed data from the REasons for Geographic And Racial Differences in Stroke (REGARDS) study, a national population-based longitudinal study of 30,239 American men and women, blacks and whites. The study methods have been reported elsewhere. 37 In brief, adults 45 years or older from the United States were recruited by mail and telephone between January 15, 2003, and October 30, 2007 , with oversampling of blacks and residents of the "buckle" of the stroke belt (coastal plains of North Carolina, South Carolina, and Georgia) and the rest of the stroke belt (remainder of North Carolina, South Carolina, and Georgia plus Alabama, Mississippi, Tennessee, Arkansas, and Louisiana). The purpose of the REGARDS study was to determine the causes for the excess stroke mortality in blacks and those living in the southeastern area of the United States. Institutional review boards of the collaborating institutions approved the study protocol. Participants gave written informed consent at baseline and follow-ups. Demographic characteristics, lifestyle factors, and medical history were obtained by telephone interview followed by an in-home visit to obtain electrocardiographic (ECG) and physical measurements. Participants are followed by telephone every 6 months to identify suspected strokes and other medical events.
All participants included in this study were free of stroke at baseline and had complete data to calculate the nonexercise eCRF level. We excluded 5773 individuals on the basis of 1 38 Physical activity was assessed by a self-reported question that has been well validated: "How many times per week do you engage in intense physical activity enough to work up a sweat?" 39, 40 Being physically active was classified by the response of 4 or more times/ wk. 41, 42 Participants also reported their smoking status (never smoked, former smokers, or current smokers). Once the algorithms were implemented, participants were classified into lower, middle, and upper groups according to age (<60 or !60 years)e and sex (male or female)especific tertiles of the estimated METs distribution.
Identification of Incident Stroke
Ascertainment of stroke was through followup telephone interview every 6 months and has been previously described in detail. 10 In brief, reports of any possible stroke, transient ischemic attack, brain hemorrhage, stroke symptoms, or unknown reason for hospitalization during follow-up generated a request for retrieval of medical records. Medical records were centrally adjudicated by at least 2 physicians on the basis of the World Health Organization definition. 43 Strokes were further classified as ischemic or hemorrhagic. Death certificates and/or proxy interviews were reviewed for deaths without medical records. Reported stroke events through October 2015 were included. For participants who were deceased, the follow-up date was their death date; and for those without stroke, the follow-up date was the most recent contact date up to March 31, 2016.
Potential Confounders
Resting heart rate, BMI, WC, smoking status, and PA were used in calculating the nonexercise eCRF in METs; therefore, these variables were not adjusted for in the analysis because of concern for overadjustment. Participant's highest education was reported as less than high school, high school graduate, some college, or college graduate and above. Region was coded as stroke belt, stroke buckle, and nonstroke belt. A heavy alcohol drinker was defined as someone who had 7 or more drinks/wk for women and 14 or more drinks/wk for men. 44 Coronary heart disease was defined as self-reported myocardial infarction, coronary artery bypass grafting, angioplasty, or stenting, or evidence of myocardial infarction via ECG; DM was defined as selfreported use of oral hypoglycemic medications or insulin, fasting glucose level greater than 7.0 mmol/L (>126 mg/dL), or nonfasting glucose level greater than 11.1 mmol/L (>200 mg/dL); dyslipidemia was defined as self-reported use of lipid-lowering medication, total cholesterol level 6.22 mmol/L or greater (!240 mg/dL), low-density lipoprotein cholesterol level 4.14 mmol/L or greater (!160 mg/dL), or high-density lipoprotein cholesterol level 1.04 mmol/L or less ( 40 mg/dL); atrial fibrillation was defined via the study ECG and also from a self-reported medical history of a physician diagnosis during the computer-assisted telephone interview surveys 45 ; and left ventricular hypertrophy was defined by the Sokolow-Lyon criteria using ECG data. 46 The physical functioning score, as indexed by the physical component summary score of the 12-Item Short Form Survey, was available for 23,520 participants. 47 The 12-Item Short Form Survey has been found to be reliable and valid in several populationbased applications.
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Statistical Analyses
The baseline characteristics of the study population were characterized by ethnicity and nonexercise eCRF tertiles (lower, middle, and upper). Differences in covariates were tested using the Student t test and analysis of variance for continuous variables and the chi-square test for categorical variables. Cox proportional hazards models were used to examine the association between nonexercise eCRF and risk of developing stroke. Hazard ratios (HRs) and 95% CIs were reported as an index of the strength of association. The proportional hazards assumptions were met as assessed by comparing the log-log survival plots. Four models were tested: (1) unadjusted model; (2) sociodemographic variableeadjusted model, including age, sex, race (blacks vs whites), education (the highest level achieved), and region; (3) risk factoreadjusted model, including all variables in model 2 plus systolic blood pressure, self-reported use of antihypertensive medications, alcohol use, and history of coronary heart disease, DM, dyslipidemia, atrial fibrillation, and left ventricular hypertrophy (yes/no for each); and (4) the final model, adjusted for variables in model 3 plus physical functioning score as a continuous variable for those participants who completed the 12-Item Short Form Survey. We assessed linear trends in the association of nonexercise eCRF with the risk of total stroke and with stroke type (ischemic and hemorrhagic stroke). We also examined nonexercise eCRF as a continuous variable so that each HR represents the risk associated with a 1-MET increase in the exposure variable. Evidence of interaction was determined by an a priori a level of .10. Interactions between sex and nonexercise eCRF tertiles and between race and nonexercise eCRF tertiles were tested, and the interaction term was not significant for sex (Wald c 2 test: P¼.23 for overall stroke and P¼.37 for ischemic stroke) but significant for race (Wald c 2 test: P<.0001 for overall stroke and for ischemic stroke). Therefore, the results are presented as pooled analyses for men and women, but stratified by race. However, to facilitate comparisons with other studies, 2,3,5-7,9 the results of sex-specific analyses are presented in Supplemental Tables 1 and 2 (available online  at http://www.mayoclinicproceedings.org). We also plotted the receiver operating characteristic curves to determine whether there was a significant improvement in the predictive accuracy of stroke outcomes by augmenting traditional cardiovascular risk factors and lifestyle factors with eCRF. The chi-square test determined whether there was a significant difference between the models. Because of the documented higher stroke incidence for blacks than whites at younger ages, 54 we performed exploratory analyses of total stroke across older (!60 years) and younger (<60 years) groups. Analyses were performed using SAS version 9.4 (SAS Institute) with a set at .05.
RESULTS
Of the 24,162 participants, 945 (3.9%) developed stroke (377 in blacks and 568 in whites; 842 ischemic and 103 hemorrhagic) during a mean of 8.3AE3.2 years of follow-up. Baseline characteristics are presented by ethnicity in Table 1 and by eCRF tertiles in Table 2 . Overall, participants had a mean age of 64.6AE9.3 years and a BMI of 29.4AE6.0 kg/m 2 , and 44% resided in the nonstroke belt. Blacks were younger, less educated, and more likely to be women and had higher BMI and WC, unfavorable levels of blood lipids, glucose, and blood pressure, and a higher prevalence of chronic diseases than did whites. Participants in the lower tertile were also older, less educated, more likely to be blacks, more likely to be smokers, and less physically active and had higher BMI, unfavorable levels of blood lipids and glucose, and a higher prevalence of chronic diseases than did those in the higher eCRF tertile.
Because of the significant interaction between race and eCRF, race-stratified results are presented (Table 3 ). For whites, in the model adjusted for age, sex, education, and region, an inverse association was observed between higher levels of eCRF and incident stroke. Those in the middle and upper tertiles of eCRF, respectively, had a 36% and 63% lower risk of developing any stroke than did those in the lower tertile. Each 1-MET increment in eCRF was associated with a 21% lower risk of incident stroke. Additional adjustment for other traditional stroke risk factors and physical functioning score did not significantly change the associations; the HRs changed only slightly and the association remained. In the fully adjusted model (model 4), for whites, the HR (95% CI) ranged from 0.82 (0.67-1.00) in the middle tertile to 0.54 (0.43-0.69) in the upper tertile (P<.001 for linear trend). For blacks, there was no association between eCRF and incident stroke in any of the models examined. In the fully adjusted model, the HR (95% CI) ranged from 1.07 (0.84-1.37) in the middle tertile to 1.09 (0.82-1.45) in the upper tertile (P¼.54 for linear trend). The same pattern of association was observed with ischemic stroke with a significant inverse association for whites, but not for blacks (Table 4) . However, hemorrhagic stroke did not exhibit a significant relationship with eCRF, likely because of the small number of events across eCRF tertiles. The receiver operating characteristic curves were plotted for whites for the "traditional risk factors only" model and the "traditional risk factors with eCRF" model ( Figure 1 ). The area under the curve was higher for the traditional risk factors with eCRF model (C statistic¼0.6954; 95% CI, 0.6754-0.7155) than for the traditional risk factors only model (C statistic¼0.6892; 95% CI, 0.6691-0.7093). There was a borderline difference in predictive power between the models (P¼.05).
In addition, we found that the association between eCRF and incident stroke was different between younger and older age groups among blacks and whites (Figure 2) . Among whites, a significant inverse trend was observed across incremental eCRF tertiles in those who were 60 years or older, but not in their younger peers. However, among blacks, no association was observed across incremental eCRF tertiles in those who were younger or older. We also performed a sensitivity analysis in those with vs without a history of heart disease and found that the observed association between eCRF and incident stroke was not significantly different (results not shown).
The results for men and women did not differ (Supplemental Tables 1 and 2 ). In the socioeconomic model that included an adjustment for race, there was an inverse association between higher levels of eCRF and incident stroke in both men and women. The fully adjusted model depicted that every 1-MET increase was associated with a 10% and 5% lower risk of total stroke in women and men, respectively.
DISCUSSION
In this large population-based prospective biracial study of men and women, we found that nonexercise eCRF was a strong independent predictor of future stroke for whites, but not for blacks, while the results were similar for men and women. A 1-MET increase in eCRF for whites was associated with a 12% lower risk of stroke, but for blacks there was no benefit. A similar pattern of an inverse association was found for ischemic, but not for hemorrhagic stroke in whites. We believe that this is the first population-based cohort study reporting an inverse association between nonexercise eCRF and stroke risk in both sexes and the first study to find a differential effect for blacks and whites for the association between eCRF and the occurrence of stroke. In the United States, risk of having a first stroke is nearly twice as high for blacks as for whites. 11, 54 Therefore, the primary prevention of stroke is particularly important in the black population. In addition, many studies suggest that blacks have a lower level of CRF than do whites, [12] [13] [14] [15] [16] [17] as well as have a less significant increase in CRF after an exercise training program. 55 In our study, we too found that blacks had lower levels of eCRF. The mean level of eCRF was 8.67AE2.06 METs in whites and 7.96AE2.15 METs in blacks (P<.001). Most studies on PA or CRF and stroke were based on white cohorts, and few studies included blacks. 41, 56, 57 Over a 21-year follow-up period, the Atherosclerosis Risk in Communities Study found a significant trend toward a reduced incidence of stroke with increasing level of PA in blacks, but not in whites. 57 The earlier report from the REGARDS cohort by McDonnell et al 41 did not find a significant interaction between race and PA. These findings were opposite from the present study, in which a significant inverse association between eCRF and stroke was found in whites, but not in blacks. Most blacks in the Atherosclerosis Risk in Communities Study were from 1 location, Jackson, Mississippi, whereas approximately 50% of the blacks in the REGARDS study were from nonsouthern states. Therefore, our findings represent a broader representation of blacks on which to provide evidence of eCRF and stroke risk in blacks. Potential pathways for the observed inverse association between CRF and stroke risk in whites include its direct effect on carotid atheroma burden, arterial stiffness, neuroprotective factors, and endothelial dysfunction, as well as its favorable effect on the downstream development of stroke risk factors such as hypertension, DM, and hypercholesterolemia. 58, 59 Higher BMI, lower socioeconomic levels, unfavorable lifestyle risk factors, and higher CVD risk factor burden appear to contribute substantially to the racial/ethnic differences in CRF. 15 These differences might partially explain the null findings in blacks; however, more research is needed to clarify the mechanisms between CRF and stroke risk and explain the different findings between whites and blacks.
The results of the age-stratified analysis deserve further comment. Consistent with previous reports, 10, 54 we also found that blacks had a higher incidence of stroke than did whites among younger participants (age, <60 years) (2.30% vs 1.27%). Among older participants (age, !60 years), stroke incidence was similar between blacks and whites (4.88% vs 5.02%). The protective effect of higher levels of eCRF on stroke incidence was more pronounced in those 60 years or older among whites. Among older blacks, participants in the upper tertile had an inverse trend with stroke, but significance was not reached. Among younger blacks, the CIs were wide, which indicates the potentially low statistical power to perform the age-stratified analysis in this subgroup.
One of the strengths of this study was its prospective nature, with a large national population-based cohort of adult men and women, and large proportions of both blacks and whites, which makes the results more generalizable to middle-aged and older blacks and whites across the United States. Our ability to study stroke type in both men and women 37 extended existing literature on the potentially different effects of eCRF on hemorrhagic and ischemic stroke between men and women. We had data to adjust for numerous confounders, including participants' physical functioning information. Finally, the proposed algorithm of eCRF is convenient, practical, and easy to implement in large-scale public health programs or clinical settings.
Limitations of this study must be acknowledged. First, data on nonexercise eCRF were available only at baseline. It is possible that eCRF might change during follow-up because components used to estimate CRF may change, which primarily would lead to an 1.00 FIGURE 1. Receiver operating characteristic (ROC) curve comparing the predictive ability of the traditional risk factors (age; sex; education; region; systolic blood pressure; blood pressureelowering medication; history of heart disease, diabetes, dyslipidemia, atrial fibrillation, and left ventricular hypertrophy; and alcohol use) model with that of the traditional risk factors and estimated cardiorespiratory fitness (eCRF) model among whites.
underestimation of the study association. In addition, baseline covariates that were adjusted in the models might also change. Future studies with repeated measures are warranted to better understand the association between eCRF and stroke. Second, we modified the PA components of the nonexercise equation 30 on the basis of data available from the REGARDS study, which may have affected the eCRF values for some participants. Therefore, validation and refinement of the eCRF equation in other cohorts is needed to improve its application. Third, the nonexercise equation used in this study was developed using a cohort with a majority of whites; therefore, it is not known whether the validity of eCRF as a measure of CRF is valid in blacks, potentially contributing to the null findings in blacks. Fourth, the number of hemorrhagic strokes may have been too small to provide sufficient statistical power to find an association. The different biological mechanism between CRF and hemorrhagic stroke might also explain the null findings. Finally, the age-stratified analysis in blacks likely lacks statistical power to draw precise estimates.
CONCLUSION
Estimated cardiorespiratory fitness measured by means of a simple nonexercise equation using information routinely collected in clinical practice significantly predicted the risk of stroke in both men and women. The protective effect was present in whites, but not in blacks. CRF is recognized as an important marker of cardiovascular health, therefore, nonexercise eCRF might provide reasonably accurate estimates for initial CRF screening for stroke prevention. Considering the higher incidence of stroke in blacks and the potentially protective effect of a higher level of eCRF in older blacks, greater efforts directed at understanding and improving CRF in blacks are needed.
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